Role of cyclin E and cyclin E-dependent kinase in mitogenic stimulation by cementum-derived growth factor in human fibroblasts.
Cementum-derived growth factor (CGF) is a 14 kDa polypeptide sequestered in tooth cementum. It is an IGF-I like molecule that is weakly mitogenic to fibroblasts, but its mitogenic action is synergistically potentiated in the presence of epidermal growth factor (EGF) or serum. We have examined whether the CGF affects cyclin E levels and the activity of cyclin-dependent kinase (Cdk) associated with this cyclin, and whether these changes contribute to the synergism in mitogenic activity between CGF and EGF. Optimal DNA synthesis by serum-starved human gingival fibroblasts required the presence of CGF for 0-12 h and EGF for 0-3 h. Therefore, cells were serum starved for 48 h and then exposed to CGF, EGF, or CGF + EGF. Cells incubated with 10% fetal bovine serum (FBS) served as positive controls. At various time points after the addition of growth factors, cyclin E levels were examined by Western analysis. Cdk associated with cyclin E was immunoprecipitated with anti-cyclin E antibody and kinase activity was measured using H1 histone as substrate. Cyclin E and the H1 kinase activity levels increased after 8-12 h in cells exposed to CGF and in positive controls exposed to 10% FBS. They returned to basal level 4 h later in cells exposed to CGF alone, whereas in the presence of CGF + EGF and FBS they remained elevated for up to 20 h. The cyclin E levels did not increase in the presence of EGF alone. Cyclin-dependent kinase inhibitors p21cip1 and p27kip1 were barely detectable in these cells. Fibroblasts transfected with LXSN-cyclin E, a retroviral vector containing cyclin E cDNA, overexpressed cyclin E and their steady-state cyclin E-Cdk activity was higher than control cells. DNA synthesis by cyclin E overexpressing cells was higher, but optimal DNA synthesis by these cells required the presence of CGF and EGF. These results show that CGF action involves an increase in the levels of cyclin E and E-Cdk activity and that the higher levels are maintained in the presence of both CGF and EGF. They also indicate that sustained high cyclin E levels and Cdk2 activity during G1 phase are necessary, but not sufficient, for optimal mitogenic response in human fibroblasts.